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OUTPUT  CHARACTERISTICS  OF  TFREE  200-WATT  SERIES-SERIES  TRANSFORMERS 

WITH  MULTIPLE  LAMPS  AS  LOAD 


This  report  presents  the  data  from  tests  made  of  series-series 
transformers  using  different  wattage,  120-volt,  multiple-type  lamps 
as  the  load.  Three  6.6/6.6-ampere,  200-watt,  runway-lighting  trans- 
formers, each  from  a different  manufacturer,  were  tested  to  determine 
output  characteristics.  The  characteristics  of  the  transformers  are 
shown  as  plots  of  secondary  voltage  versus  current  and  of  output 
wattage  as  a function  of  the  rated  wattage  of  the  lamp  load.  Plots 
of  the  computed  light  output  of  the  lamps  as  a function  of  rated  lamp 
load  are  also  included. 


1.  INTRODUCTION 

The  purpose  of  the  tests  was  to  determine  the  light  output  that 
can  be  obtained  from  multiple-type  lamps  when  these  lamps  are  used  as 
the  load  for  series-series  transformers.  Several  auxiliary  visual 
aids  requiring  lighting  have  been  or  need  to  be  developed  for  use  near 
the  runways  of  airfields.  These  include  illuminated  runway-distance 
markers,  taxiway-turnof f indicators,  marker  lights  for  arresting  gear 
or  barriers,  special  obstruction  lighting,  etc.  Frequently  these  aids 
are  located  where  they  can  be  cohveniently  connected  into  the  runway- 
lighting circuits.  The  cost  of  installing  these  auxiliary  aids 
can  be  reduced  if  existing  circuits  and  standard  equipment  can  be 
utilized,  thus  eliminating  the  necessity  of  installing  additional 
circuits  or  of  developing  new  equipment.  Series-type  lamps  operated 
in  the  conventional  manner  from  the  runway-lighting  circuits  are  often 
unsatisfactory  for  use  in  the  light  sources  of  these  auxiliary 
aids  because  the  change  of  intensity  with  changes  in  current  setting 
of  the  regulator  is  too  great.  The  use  of  saturated-core  transformers 
has  often  been  considered  for  this  purpose.  Since  rubber-covered 
series-multiple  transformers  are  not  available,  the  use  of  lamp  loads 
which  will  cause  the  series-series  transformers  to  be  saturated  at  all 
regulator  output  currents  has  been  suggested  as  a means  of  reducing 
the  change  in  intensity. The  lamps  which  are  usually  considered 
for  such  use  are  multiple-type  lamps  with  rated  voltage  in  the  range 
60  to  120  volts. 
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In  the  design  of  special  lighting  units  using  series-series 
transformers  with  multiple-type  lamps,  two  important  factors  should 
be  considered  in  selecting  the  lamp  type:  first,  the  intensity  that 
will  be  obtained,'  and  second,  the  change  in  intensity  for  the  dif- 
ferent intensity  settings  of  the  regulator.  Because  these  trans- 
formers were  not  designed  for  use  with  multiple-type  lamps,  data 
for  determining  the  light  output  that  can  be  obtained  were  needed. 

The  most  reliable  data  will  be  obtained  from  measurements  of  the 
output  of  a series-series  transformer  with  multiple-lamp  loads  when 
this  transformer  is  part  of  a runway-lighting  circuit  similar  to  that 
which  will  be  used  on  airfields.  The  output  of  the  transformers  and 
the  resulting  light  output  of  the  lamps  will  be  affected  by  the  fol- 
lowing parameters:  the  rated  voltage  of  the  lamps,  the  rated  wattage 
of  the  lamps,  the  rating  of  the  transformer,  the  design  or  construc- 
tion of  the  transformer,  the  circuit  into  which  the  transformer  is 
connected,  the  load  of  the  regulator,  and  the  type  of  regulator  from 
which  the  power  is  obtained.  The  parameters  which  were  investigated 
in  this  report  were:  1)  variation  of  the  wattage  of  120-volt  lamps; 

2)  transformers  of  the  same  type,  produced  by  three  different  manu- 
facturers; and  3)  two  load  conditions  of  the  regulator. 

2.  TEST  PROCEDURE 

The  tests  were  made  by  connecting  the  transformer  with  its  load 
into  an  airfield  runway-lighting  circuit  supplied  by  a constant- 
current  regulator.  The  output  voltage  and  current  of  the  transformers 
were  measured  for  each  test  condition.  The  values  of  voltage  and  cur- 
rent were  corrected  for  all  significant  losses  in  the  measuring  in- 
stri|raents. 

Three  200-watt,  6.6/6.6-ampere,  5000-volt,  rubber-covered,  series- 
series,  isolating  transformers  were  tested.  Each  transformer  was  pro- 
duced by  a different  manufacturer  but  all  had  been  made  to  meet  the 
requirements  of  Air  Force  Specification  32635,  The  manufacturers  were 
American  Gas  Accumulator  Company,  Jefferson  Electric  Company,  and  Line 
Material  Company.  These  transformers  were  stock  items  obtained  from 
a Naval  Supply  depot.  The  characteristics  of  each  transformer  were 
determined  when  120-volt  lamps  were  used  as  the  load.  Threp  25-watt, 
two  100-watt,  and  three  300-watt  lamps  were  used  in  combinations  to 
obtain  25,  50,  75,  100,  125,  150,  175,  200,  225,  250,  275,  300,  400, 
500,  600,  700,  800,  900,  and  1000  rated  watts  as  the  load.  Each  trans- 
former was  tested  individually.  The  power  for  the  tests  was  supplied 
by  a type  NC-3,  15-kilowatt,  2400-volt-input,  6,6-ampere-output  runway- 
lighting regulator  connected  to  a 2400- volt-distribution  system  without 


V 


•^.i" 


■' 


j_‘-ia'.»Sv.  t"'i.i;t':iG^.  ■'■^^' ■r'';i:2-' !'  • '^'i- <; } - ,«;Jt%'jfc-Sf ' ''  rM 

"'  jM-1.  na;;- ! /‘'C- '.pn'lJ“9?S’l-9^,,  ' ^ 

,''£?>''•  ’k’.j' t‘ ,i- . y.s’:  ■.'■..■■;>>'?!  fji  t , ,h^-ii ''t?'<^  :^lnB 

;’j  ‘vy.;^  •"  ‘V'?j  Ik  ,;. 

'■:y::yfrn:  ^ :sK^  :,d  '.rKSp  ‘ v.Vl:  ,"’^P 


. ;;■'■>»  ft  S 

rj. 

■'  A^'v^UT': 

r*' 

■ •'y>  ■ 
•-> 

<^i.  'f",^ ' " y-ly 

.'.  ' vD 

f h 'b:.  ;;%)ft^,- 

■'-.;  :■,  0 

; ■ v.pi  v<ii^  0 

*■ 

'Wf  hi ' 

*'Y5iw 

f».  ■<  ' 

y . y ■ 

^:riV':  -S..X 

' ' 

:A 

\.} 

V'rfll' 

t . ■ '■  ,r 

.-.  ao. 

4i^|v  V 

■ ‘ ' X']  hH': 

i i i 

tr»i  .\ 

'•.  . t* 

V . ■ ‘ 

■ a'isi' 

7 

'■’■  ;y' 

'p- 

►P' 

^ • 

(*'54  ■ 

•1  '>?<.4  re’».ft:;'«a-.!S^ 

fjo'  \ •.  ' 

- i 'a  ■ ' 

,C.,.A''  ”(•  .-f 

'A 

r M- 

,;  •■-;T  i’i';,. 

>.!;y  ::a. 

f* 

lkI 

ii  j' 

= ; 

J ■ j)  1.' 

>';.xr 

•T  « 

.1  '10 

■?*.'  .'  f>  « !.f  J.'  .'  • 

t 9*5i.i  V S 

y‘.y 

. fO  $ 

•^•■1,  sK 

/ '’'a  t:"A.. 

^ A A ■'  '.'  ■ i ! 

■ rf-.'T.  j A 

\ .'>0:  t 

. .«•  • 

hrjf'?^-;  ah  • 

'■'<  T 

<•,  • • 

■’“*'  .‘  ‘-f‘  '■■ 

, '■  "-^-V  J. 

y v^ii 

i i i:Sk'aaw 

TTvC|?> 

2 U-  : ,V3  i-“' 

'■;m  i<V.v'T:  ' 

r A* 

-'  :i.^’T‘'  : 

■'  .'1^: 

, '!',  .'1 

-;'aW 

■?.  K:ll^'; 

a •'(yfv.'  .a 

xmim 

V X » S' 

'<*  »**■ 

, i y^:''.'' 

% 

'.  i 

;itii  'VW  vtj' 

b a K.  , . 

: '^’  V.f*  j 

,.^  J"  r'’.  ' 

/•■'■  I ' • ' 

J 

IPV/ 

• J.  "i  v^s 

■ P''..''M''  > 

-•S,fco  i 

g.  f V ’■;’  ‘ ' '.V 

l'  . . - , 

; ' IH 

■ r 'i-' .'  .'*. 

r-  tf'a  ■ 

•ftr.V'' 

- .^■r!;-‘  ^ 

IJ  A ■ i ;•. 

■ ,';  -’  ■■  •■  V 

,'f  •■  i’ 

' b 'i 

■:  .A'<  ’.  ', 

■ ' -M 


y'  ' , •'■  Tv'^  ;) 

• 'ii-  .'’i*'i  ( ^(  ;! 


■ — ' -.’r  1 - * V • -V  ^ r».-»  - #'.  1 ---•  • . • ■ :^.j 

'' ' :•  ^y^f^3 "'  ft-  V-  I'J'sefn  -i  ‘ ^-*1^ 

-. ;. ij  -t  3.  :,  ( -J  •■re  V > . r-n.^^ 


‘‘ v>  ^.h.'y:,-  - ;j  j J 


'■■  .Ki  'yr/y  xc.  ^ 


■V/;'V,;’  < '.  A.  ■>  “filfV-V'i  , 


- - ’■•  " ■ ■ ,v ,J;;^.?^■;;^;0  . 

■^  /'^  ,' 7' V-;"i  * *<  Ki  A'.  ;•  :^  t7if4  '.;i>v  ■ > 

y,  -k'*;sT.  ; '*t  1i.y“>y'  ■*rw  y ;i“5^vo 

, ....  ; ,.  i.  ; . -.  if  ......  ,.  ..  , ....  ..-..-T*  ■ . ■ .*. 


i >-^ : .,  \''t  i.f*..?}!'  ^;:tv.y  ' n i>!«i . hi- 


. ,ovf'  ,m:  /;£!  ,yy  V-'  . 

-y-'.  - •■^'  ••'•  ..'-y-  Ku  .oc;or  ‘;:ife..  .oo(»  ..v-jsnfr.  .v«o’C-, 

hi--..  y '1. 

)!:■  ••'.(.,  ..Vi  r-'  •i-.ra  u'^.: .■■v,.;  ..-a  .-  -H iw. ''Hy'-'i'  c k,  .y^.Jnfiiuio :.’  TOi.iilvnu?r 


^•; 


>^/i  , %i  .5, 

irt'i 


. h;m. 


» ' ' 7>  ’ 
' • Ai' 


-3- 


special  voltage  regulation.  Two  load  conditions  of  the  regulator 
were  used  in  testing  each  transformer: 

1,  The  test  transformer  with  its  load  was  connected  into  a 
runway- lighting  circuit  of  thirty-four  200-watt,  series-series  trans- 
formers and  their  lamps  and  three  200-watt  transformers  with  burned- 
out  lamps  across  their  secondaries.  The  circuit  consisted  of 
approximately  16,000  feet  of  No.  12,  3000-volt  cable  in  metallic 
duct.  The  output  voltage  and  current  readings  of  the  regulator  when 
it  was  connected  to  the  runway-lighting  circuit  only  were  as  follows: 


Step  1 

440  volts 

2,82  amperes 

1,24  kva 

Step  2 

550  volts 

3.40  amperes 

1,87  kva 

Step  3 

670  volts 

4,10  amperes 

2.74  kva 

Step  4 

1000  volts 

5,12  amperes 

5.12  kva 

Step  5 

1440  volts 

6,50  amperes 

9,36  kva 

For  this  condition,  measurements  were  made  at  each  intensity 

step. 


2.  The  load  on  the  regulator  was  the  test  transformer  with  its 
load.  For  this  condition,  measurements  were  made  at  intensity  steps 
1,  3,  and  5 only, 

3.  DISCUSSION  OF  RESULTS 

The  output  voltage-current  characteristics  of  the  test  trans- 
formers as  functions  of  the  load  are  shown  in  figures  1,  2,  and  3, 

The  solid-line  curves  were  plotted  from  data  obtained  when  the  test 
transformer  was  connected  into  the  runway-lighting  circuit.  The  values 
for  the  broken-line  curves  were  obtained  when  the  test  transformer  only 
was  connected  to  the  regulator.  Figure  4 indicates  the  output  power 
versus  the  rated  wattage  of  the  connected  load  of  each  of  the  trans- 
formers when  the  transformer  was  tested  in  the  runway-lighting  circuit. 

When  the  load  on  the  transformer  was  small,  the  changes  of  the 
output  voltage-current  characteristics  were  complex.  A§  the  rated 
wattage  was  increased  above  150  watts,  the  output  characteristics  were 
approximately  linear  until  the  transformer  neared  magnetic  saturation. 
Although  the  curves  of  output  voltage-current  and  of  power  were  similar 
in  shape  for  the  different  transformers,  the  values  for  a specific  load 
and  intensity  setting  differed  appreciably.  Note  that  at  the  larger 
transformer  loads  the  output  power  exceeded  the  rating  of  the  transformer. 
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Considerable  differences  in  the  output  characteristics  of  the  trans- 
formers were  obtained  as  the  load  on  the  regulator  was  changed  from 
about  10  kilowatts  to  approximately  no  load.  These  differences  were 
probably  the  result  of  change  in  waveform  in  the  output  of  the  regulator. 

Figures  5,  6,  and  7 indicate  the  light  output  in  lumens  of  the 
multiple  lamps  as  a function  of  the  rated  wattage  of  the  load  of  each 
transformer  when  the  transformer  was  connected  into  the  runway-lighting 
circuit.  The  values  of  light  output  were  obtained  by  multiplying  the 
rated  lumen  output  of  the  lamps  by  an  applied-voltage  factor.  The 
rated  lumen  values  used  were  265  lumens  for  25-watt  lamps,  1630  lumens 
for  100-watt  lamps,  and  5900  lumens  for  300-watt  lamps.  These  values 
were  obtained  from  General  Electric  Company's  Large  Lamp  Catalog.^ 

The  applied-voltage  factors  were  obtained  from  National  Bureau  of  Stand- 
ards Report  6190,  figure  20b,  for  a 500T20,  120-volt  lamp.S/The  peak 
light  output  for  any  intensity  setting  of  the  regulator  occurred  when 
the  rated  wattage  of  the  lamp  load  was  between  200  and  500  watts.  The 
maximum  light  output  of  the  lamps  when  connected  to  the  different 
transformers  ranged  from  1000  to  2100  lumens.  At  intensity  steps  5 and 
1 for  a given  load,  the  minimum  ratio  of  light  output  was  about  2 to 
1 for  loads  over  100  watts;  whereas  the  ratio  of  light  output  is  500  to 
1 for  a 200-watt,  6.6-ampere,  series-type  lamp. 

A change  of  illumination  of  5 or  10  to  1 was  determined  to  be  the 
most  suitable  for  externally-illuminated  runway-distance  markers.-^ 

This  ratio,  as  well  as  other  ratios  of  light  output  for  intensity  steps 
5 and  1,  can  be  obtained  by  selecting  lamps  of  loads  of  proper  rated 
wattages.  Although  a study  of  the  effects  of  using  lamps  of  a dif- 
ferent voltage,  60  or  75  volts  for  example,  was  not  included  in  this 
study,  lamps  of  these  voltages  may  be  useful  in  some  applications.  The 
75-volt  lamps  will  generally  operate  at  a higher  efficiency  than  will 
the  120-volt  lamps. 


4.  CONCLUSIONS 

The  data  obtained  from  these  tests  will  be  helpful  in  selecting 
the  multiple-type  lamps  to  be  used  as  the  load  of  series-series  trans- 
formers for  illuminating  special  visual  aids.  The  maximum  light  output 
obtained  ranged  from  1000  to  2100  lumens,  depending  on  the  make  of  the 
transformer. 
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The  change  in  light  output  produced  by  changing  the  intensity 
setting  of  the  regulator  can  be  greatly  reduced  by  using  multiple- 
type  lamps  as  the  load  of  series-series  transformers.  Many  desirable 
intensities  and  variations  in  light  output  may  be  obtained  from 
series  airfield-lighting  circuits  and  standard  equipment  if  multiple- 
type  lamps  of  suitable  voltage  and  wattage  ratings  are  selected  for 
use. 

5.  RECOMMENDATIONS 

To  determine  the  effects  of  the  other  parameters  additional 
tests  are  needed. 
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Figure  I.  OUTPUT  CHARACTERISTICS  OF  SERIES  TRANSFORMERS  (with  Multiple -Lamp  Loads). 
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Figure  3.  OUTPUT  CHARACTERISTICS  OF  ^RIES  TRANSFORMERS  (with  MuItipI*-Lomp  Loodel 
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LIGHT  OUTPUT,  Lumen*. 


LIGHT  OUTPUT,  Lumens. 
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